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SPECIFICATION 

An integrated artwork editing, archiving and produc- 
tion system 

5 

FIELD OF THE INVENTION 
The present invention relates to techniques and 
apparatus for production of printed circuit boards and 
the like and more particularly to integrated artwork 
1 0 editing, archiving and production systems and techin- 
ques for printed circuit board production. 

BACKGROUND OF THE INVENTION 
There is known in the art and in the patent literature 
computer controlled apparatusfor editing printed 
15 curcuit board layoutsandtoolingandtransferring 
such layouts to photographic film for subsequent 
processing and production. Examples of such sys- 
tems are,the Gerber PC-800/4 manufactured by Gerber 
Scientific Instruments of Hartford, Connecticut, 
20 U.S.A., the Scitex Insight, manufactured by Scitex of 
Herzlia, Israel, and the Excellon LPG 2000, manufac- 
tured by Excelion Automation of Torrance, California, 
U.S.A.. 

SUMMARY OF THE INVENTION 
25 The present invention seeks to provide an inte- 
grated artwork editing, archiving and production 
system and method for printed circuit board produc- 
tion. 

There isthusprovided in accordance with a 

30 preferred embodiment of the present invention an 
integrated artwork editing, archiving and production 
system including apparatus for editing and electroni- 
cally archiving printed circuit design information in 
vector format, apparatusfor receiving the archived 

35 printed circuit designs in vectorformat and converting 
itto rasterformat in realtimeand apparatusfor laser 
writing the printed circuit designs in rasterformat 
directly onto a substrate. 
Further in accordance with a preferred embodiment 

40 ofthe present invention, ths substrate constitutes the 
artworkor mask which is used to expose the 
production panel. 

Additionally in accordance with a preferred embodi- 
ment ofthe invention the editing and archiving unit 

45 comprises a data handling unit and an archive unit 
respectively and the raster conversion and writing 
apparatus are embodied in a fabrication unit; all ofthe 
units being Interconnected via a local area network. 
Further in accordance with a preferred embodiment 

50 ofthe present invention, the apparatus for converting 
the designs in vector format to rasterformat com- 
prises: 

a central processing unit receiving vector inputs 
frottithe archiving unit and being operative to indicate 
55 a desired pattern to be written; 

basic form memory means operative to store in 
rasterform basicforms of desired size and shape; 

a graphic processor operative to receive an input 
from the central processing unit and to provide an 
60 output which enables the desired pattern to be defined 
from the basicforms, the output being operative to 
provide instructions to the basicform memoryfor 
selecting one or more desired basicforms and x and y 
coordinate information to determine the position of 
65 theoneormorel^ii^€9iCDC]a(E0 '^^^^ ' 



space; 

depth shrfter means operative to receive the output 
ofthe basicforms memory and an output from the 
graphic processor and to position the y coordinate 
70 location ofthe basic forms in accordance with the y 
coordinate information provided by the graphic pro- 
cessor; and 

memory means receiving the output from the depth 
shifter in accordance with the x coordinate output 
75 from the graphic processor. 

Additionally in accordance with a preferred embodi- 
ment ofthe invention, the form memory means is 
operativeto store,a plurality of circular forms of 
different sizes. 
80 Further in accordance with a preferred embodiment 
ofthe present invention, the memory means compris- 
es a slice memory having three portions which 
operate cyclically. 
Additionally in accordance with a preferred embodi- 
85 ment ofthe present invention there is provided a 

methodfortransferring vector information in the form 
of lines and pads into rasterformat, the method 
comprising the steps of defining a line in theform of a 
translated basicform in an image plane and defining a 
90 pad in theform of a collection of basicforms. 

Further in accordance with an embodiment of the 
present invention, the method also comprises the step 
of dividing wide lines or large pads into slices. 

Additionally in accordance with a preferred embodi- 
95 ment ofthe invention, the step of defining the line in 
theform of a translated basicform includes the step of 
defining a lineartranslation ofthe basicform. 

Further in accordance with an embodiment of the 
present invention there is provided apparatus for 
1 00 transferring vector information in the form of lines and 
pads into raster format comprising means for defining 
a line in theform of a translated basicform in an image 
plane and means for defining a pad in the form of a 
collection of basicforms. 
1 05 Fu rther in accordance with an embodiment of the 
present invention, the apparatus also comprises 
apparatus for dividing wide lines or large pads into 
slices. 

Additionally in accordance with a preferred embodi- 
110 ment ofthe invention, the apparatus for defining the 
line in the form of a translated basic form includes 
apparatus for defining a lineartranslation ofthe basic 
form. 

BRIEF DESCRIPTION OF THE DRAWINGS 
115 The present Invention will be understood and 
appreciated more fully from thefollowing detailed 
description taken in conjunction with the drawings in 
which: 

Fig. 1 is a generalized block diagram ofthe system 
1 20 constructed and operative in accordance with a 
preferred embodiment ofthe invention; 

Fig. 2 is a generalized block diagram ofthe data 
handling unit forming partofthesystemof Fig. 1; 
Fig. 3 is a generalized block diagram ofthe archive 
125 unit forming partofthesystemof Fig. 1; 

Fig. 4 is a generalized block diagram ofthe 
fabrication unit forming part ofthe system of Fig. 1; 

Fig. 5 is a detailed block diagram of portions ofthe 
fabrication unit of Ra. 4: 
^nLO*KD"a i<^Cl<^&^iTi of the vector to 
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raster conversion apparatus employed in the appar- 
atus showm Fig.5; 

Fig.7 isantllustration of atypical basicform, useful 
in understanding the operation of the apparatus 
5 illustrated in Fig. 6; 

Fig. 8 is a pictorial illustration of a translated basic 
form used to define a line; and 
Fig. 9 is a pictorial illustration of a slice basic form. 
DETAILED DESCRIPTION OF THE 
10 INVENTION 

Reference is now made to Fig. 1 which is a 
generalized block diagram of the integrated artwork 
. archiving, editing and production system of the 

present invention. The system includes a data hand- 
15 ling unit (D.H.U.) 10, an archive unit (A.R.U.1 12, and a 
fabrication unit(F.A,U.) 14, all ofwhich interface, 
preferably via a local area network (LAN) 16, such as 
Ethernet, a trademark of Xerox Corporation. 
Generally speaking, the data handling unit provides 
20 the editing function and interfaces with a terminal 1 8 
such as a conventional computerterminal and a color 
graphics display 1 9. The data handling unit, together 
with its operator interfaces may be understood as 
being a graphics interactive workstation. 
25 The electronically edited design produced in the 
data handling unit 10 is transferred to the archive unit 
12 for storage and future use. The archive unit stores a 
plurality of files, each containing the entire board 
design including all of the layers, including the solder 
- 30 mask, silk screen mask and drilling design, for a given 
board.The archive unit can interface with a number of 
input-output and storage devices 22 such as magnetic 
tape, punched tape or disk. The archive unit is capable 
of providing drilling tapes which can be used for 
35 automatic processing of the printed circuit boards. 
Communication directly with the archive unit may 
be provided by a modem 24 via a LAN or alternatively 
directly via an RS 232 serial port. A printer 26 may also 
be coupled to the archive unit. 
40 The data stored in the archive unit can be called up 
bythefabrication unit for production ofthe artwork or 
mask used in exposing the printed circuit board. This 
artwork is compatible with existing exposure 
machines. 

45 The fabrication unit 14 in eludes a control and 
operation unit 27 and an associated image formation 
unit (IFU) 28, including a laser plotter. Associated 
therewith a re an artwork scanning unit 29 which 
provides an input by scanning existing artwork and 
50 optional auto loading and developing units 30. 
Reference is now made to Fig. 2 which is a block 
diagram illustration of the data handling unit 10. As 
seen in Fig. 2,the data handling unit comprises a CPU 
50 such as an Intel 286/310, which is optionally 
55 coupled to a pen plotter (not shown) and a printer (not 
shown). The CPU 50 is also coupled to an operator 
terminal and associated keyboard 52 and to a cursor 
(puck) and tablet device 54, such as a Summographic 
Bit Pad II. 

60 CPU 50iscoupled via a multibus connection 56 to a 
. 1.0 megabyte random access memory 58, a graphic 
processor and graphic memory 60, such asa Matrox 
GXB 1 000, a disk drive 62, such as a Winchester drive, 
and local area network 1 6 (Rg. 1 ) via a LAN controller 
65 68, such as an Interian Nl 30,1 0, and associated LAN 



transceiver70. Powersupplies and connections to the 
various components are indicated generally in Fig. 2. 
Graphic processor 60 provides a video outputto a 
high-resolution graphic monitor 64 such as a Barco 

70 CDCT 5351 or a Hitachi type HM 361 9A. 

Reference is now made to Fig. 3 which illustrates the 
archive unit 12 in block diagram form. The archive unit 
comprisesa CPU 80, such as an Intel 86/30, having an 
associated floppy disk controller and RS 232 serial 

75 port. CPU 80 is coupled to a floppy disk drive 82, to an 
operatorterminal 84 and keyboard 86 and may also be 
coupled to an optional printer88 of conventional 
construction. 
CPU 80 is coupled via a multibus connection 90 to a 

80 0.5 megabyte random access memory 92, a magnetic 
tape controller 94, such as a Ciprico Tapemaster A. a 
serial interface 96 having four RS 232 serial ports, an 
SMDdiskcontroller98,such as an Intel SBC 220 and 
local area network 1 6 (Fig. 1 ) via a controller 1 00, such 

85 as an Interian Nl 3010 and associated LAN transceiver 
1 02. The RS 232 serial ports ofthe serial interface 96 
may be coupled to a Modem 104, a pen plotter 016, a 
papertape reader 108 and a pa per tape punch 110 or 
alternatively to other suitable communications com- 

90 ponents. The ports ofthe SMD disk controller 98 are 
coupled to a hard disk 112 and to an optional 
removable diskdrive 1 14 and can be coupled to up to 
four SMD (Standard Module Devices) disks. 
Reference is now made to Fig. 4 which is a block 

95 diagram illustration ofthe control and operating unit 
(COU) 27 which forms a part of the fabrication unit 1 4 
(Fig. 1 ). Generally speaking, the COU receives data 
from the archive unit 12 and provides an outputto a 
laser pi otter forming partof the fabrication unit. 
100 The COU comprises a fabrication processor unit 
(FPU) 1 20, which interfaces with the ARU via a LAN 
transceiver 122 and with operator interface apparatus 
124. The FPU is operative to receive data from the 
archive unit to divide it into si ices for operation 
105 thereon by avectorto raster converter 126 (FVR).The 
vector to raster converter 1 26 is operative to receive 
timing signals from, and to provide instruction signals 
to, a laser plotter interface (FCUB) 1 28, which, in tu rn, 
operates IFUB apparatus 130, which istypically a laser 
110 plotter. FCUB circuitry 128 isoperative to effect 

dimensional corrections ofthe patterns in accordance 
with instructions received from the main processor 
140 (Rg. 5). A power supply 132 provides the 
necessary power requirements ofthe various compo- 
115 nents. 

An artwork scanning unit (ASU) 29 (Rg. 1 ) may be 
optionally provided. This unit scans information from 
artwork in rasterform and converts itinto vectorform 
for transmittal to the ARU and subsequent storage, 
120 This unit may be useful forquickly reading into the 
ARU information regarding a circuit pattern, which is 
physicallyavailable but not present in vectorform in 
theARU.TheASU is not requiredfor system 
performance. 

1 25 Reference is now made to Rg. 5 wh ich shows the 
FPU, FVR and FCUB of Rg. 4 in more detail. As seen in 
Fig.S.the FPU comprisesa main processor 140, 
typically an Intel 286/310, which interfaces with an 
operator interface 124 (Fig. 4) including a terminal 142, 

130 an operator pane! 144and an optional printer 146. 
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Main processor 140 is operative to convert the full 
board image of a typical size of 48,000 pixels x 60,000 
pixels in vectorform, into slices, each typically of size 
32 pixels X up to 48,000 pixels. Each pixel corresponds 
5 to an area of 0.0005 inch x 0.0005 inch. 

Main processor 140 communicates via a multibus 
148 with a LAN transceiver 122 via a LAN controller 
U9,typicallyanlnterlanNI 3010,8 pairof 0.5 
megabyte RAMs 1 51 and 1 52, a disk controller 1 54, 

1 0 and an FVR controllier 1 56, typically based on an Intel 
86/05 board. The output of the FVR controller 156 is 
supplied to the FVR vector to raster converter 126 via 
an interface 1 57 and a SBX bus. 
The vector to raster converter FVR 1 26 (Fig. 4) 

15 comprises a graphic processor 158, a basicform 
memory and depth shifter 1 60, a synchronizer 1 62, 
diagnosticcircuitry 163, and three slice memories 164, 
166 and 1 68 coupled together, and also coupled to the 
basic form memory and depth shifter 1 60 by means of 

20 a data bus 1 70, and an output buffer 1 69. The function 
and structure of these elements will be described 
hereinafter in detail. 

The raster outputs from slice memories 164, 166 and 
168 are supplied cyclically to output buffer 1 69, which 

25 also receives an output from graphic processor 1 58. 
Output buffer 169 provdes a video data outputto a 
video interface circuit 1 72 forming part of the FCUB 
circuitry. The video interface circuit 172 is controlled 
by a FCUB processor 180, via a multibus 174. The 

30 processor 1 80 also controls a correction memory 176 
and a grid simulator 1 78. FCU B processor, which is 
typically an Intel 86/05, communicates with the FPU 
via an RS 232 port. Video interface 172 provides 
suitable outputforoperationofthelFUB circuitry 130. 

35 Reference is now made to Fig. 6 which illustrates the 
vectorto raster conversion circuitry in conceptual 
blockdiagram form so as to facilitate understanding of 
itsfunction. 

As noted above in connection with Fig. 5, the vector 

40 to rasterconverter comprises an FVR controller 156 
which operates thefunctional blocks of Rg. 6 via a 
graphic processor 1 58. Graphic processor 1 58 re- 
ceives layout information from the FPU 1 20 (Fig. 4) in 
vector format, typically in slices of width of 32 pixels 

45 and length of up to 48,000 pixels. The graphic 
processor converts the vector information into a 
collection of coordinates and basicform selection 
intructions which indicate the path of the desired 
vector, in accordance with a modifed version of the 

50 Brezenheim algorithm is explained, for example, in 
W.M. Newman and R.F. Sproull, Principles of Interac- 
tive Computer Graphics, Chapter 2, McGraw Hill, 1 979. 

Graphic processor 1 58 is operative to provide a 
basicform selection instruction to basicform memory 

55 1 60, which typically comprises a collection of E-Proms 
of 1.0 Megabit capacity, and which stores, in com- 
pressed rasterformat,the basic forms, typically 

circularelementsand transverse slices thereof, which 
are the constituent elements of all basic artwork 
60 patterns. 

Basicform memory 160 preferably stores all of the 
information regarding the stored collection of basic 
forms in a form indicated in Fig. 7. Each basicform is 
described by an array of vertical lines. Thus the shape, 
65 sizeandlocatirg^l^^ilQQg-^ - ^^^^ ^ 



plane defined by the graphic processor Is defined by 
the qua ntity y, which defines a baseline, the quantity 
delta y which indicates the height above the baseline 
at which each given vertical line begins, the quantity z, 

70 which indicates the length of each vertical line, the 
quantity x, which defines the location in the x 
dimension at which the firstverticailine appears and 
the quantity r which indicates how many times a given 
line configuration is repeated. 

75 It is appreciated that layout patterns of size greater 
than the largest element stored in the basicform 
memory 160 can be formed out of a plurality of stored 
elements. 

The graphic processor 158 also provides an output 
80 representing the quantity xto the slice memory, which 
is in fact a collection of three memories each 32 x 
64,000 pixel memories operating cyclically. 

In response to the output of thegraphic processor 
1 58, the basicform library outputs one ortypically a 
85 series of elements to depth shifter 1 62, which is 
typicallyaP-ROM; More precisely, for each element, 
the basicform libraryoutputsaS bitsignal delta y to 
an adder 1 80 which also receives an output represent- 
ing the quantity y from thegraphic processor. 
90 The principal output from the basicform library to 
the depth shifter 1 62 includes a 5 bit stream indicating 
the length of each vertical line and a 5 bit stream 
indicating r, the amount of times that the identical 
vertical line is repeated. The summed output y -I- delta 
95 y from adder 1 80 is supplied as a control signal to the 
depth shifter 1 62for determining the orientation of the 
element along the y axis. 

The depth shifter is operative to provide an output 
signal, typically in 64 bit parallel form, of the basic 
1 00 form in its desired y orientation in the image plane 
defined by the graphic processor. This output is 
received by two slice memories in tandem, the x input 
fromthe graphic processor to the slice memories 
determining the x orientation of the element in the 
1 05 image plane defined by the graphic processor. 

The graphic processor 1 58 also provides a color 
selection output to slice memories 1 64-1 68, By select- 
ing the color, it effectively determines whether a wirte 
or erase function on a given basic form is performed. 
1 10 The slice memories 164-168 output, one by one to 
output buffer 169 (Fig. 4). 

It is a particular feature of the present invention that 
as described hereinabove there is provided a method 

fortransferringvectorinformationintheform of lines 

115 and pads into raster format, the method comprising 
the steps of defining a line in theform of a translated 
basicform in an image plane and defining a pad in the 
form of a collection of basic forms. This method can be 
visualized by considering Rg. 8 which shows a line 

120 defined by translated basicforms 178 and 172, each 
described by a collection of vertical lines. As seen in 
Fig. 8, the definition of a vector via a translated basic 
form includes the step ofdefining a linear translation 
ofthe basic form. 

1 25 Fig, 9 il lustrates a sliced vector defined by a 

translated basic form, and incorporating two portions, 
a top portion 174 and a bottom portion 176. 

It will be appreciated by persons skilled in the art 
that the present invention is not limited to what has 

la*)(D«a i^^C]<^l&^|pribed hereinabove. 
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pads into slices. 

.9. A method according to either of claims 7 and 8 
and wherein the step of defining the line in theform of 
a translated basic form includes the step of defining a 
70 lineartranslationofthebasicform. 

1 0. Apparatus for transferring vector information 
in the form of lines and pads into raster format 
comprising means for defining a line in the form of a 
translated basic form in an image plane and means for 

75 defining a pad in the form of a collection of basic 
forms. 

11. Apparatus according to claim 10 and also 
comprising means for dividing wide lines or large 
pads into slices. 

80 12. Apparatus according to either ofclaims 10 and 
1 T and wherein said means fordefining the line in the 
form ofa translated basic form includes means for 
defining a linear translation of the basic form: 

13. Apparatus substantial ly as shown and de- 
85 scribed hereinabove. 

14. Apparatus substantially as illustrated in any of 
the drawings. 

15.. A method substantially as shown and de- 
scribed hereinabove. 
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Ratherthe scope of the present invention is defined 
only by the claims which folfow: 
CLAIMS 

1. An integrated artwork editing, archiving and 
5 production system comprising 

means for editing and electronically archiving 
printed circuit design information in vector format; 

means for receiving the archived printed circuit 
designs in vectorfbrmatand converting the vector 
1 0 formatto rasterformat in real time; and 

nieans for laser writing the printed circuit designs in 
rasterformat directly onto a substrate. 

2. An integrated artwork editing, archiving and 
production system according to cfaim 1 and wherein 

15 said substrate constitutes the artwork or mask which 
is used to expose the production panel. 

3. An integrated artwork editing, archiving and 
production system according to claim 1 and wherein 
said editing and archiving means comprises a data 

20 handling unit and an archive unit and said raster 
conversion and writing means are embodied in a 
fabrication unit, all of the units being interconnected 
via a local area netvyork. 

4. An integrated artwork editing, archiving and 
25 production system according to claim 1 and wherein 

said meansfor converting the designs in vectorformat 
to raster format com prises: 

a centi^al processing unit receiving vector inputs 
fro mthearchiving unit and being operative to indicate 
30 a desired pattern to be written; 

basic form memory means operative to store in 
raster forrh basic forms of desired size and shape; 

a graphic processor operative to receive an input 
from the central processing unit and to provide an 
35 outputvyhich enables the desired pattern to be defined 
fromthe basic forms, the output being ojDerati veto 
provide.instructions tothe basic form memory for 
selecting one or more desired basic forms and X and y 
coordinate information to determine the position of 
40 the one or more basic forms in two dimensional 
space; \ 

depth shifter means operative to receive the output 
of the basic forms memory and an outputfrom the 
graphicprocessor andto position they coordinate 
45 location ofthe basic forrns in accordance with they 
coordinate information provided by the graphic pro- 
cessor; and 

memory means receiving the outputfrom the depth 
shifter in accordance with the X coordinate output 
50 from the graphic processor. 

5. An integrated artwork editing, archiving and 
production system according to claim 4 and wherein 
said form memory means is operative to store a 
plurality ofcircularforms of different sizes. 

55 6. An in teg rated artwork editing, archiving and 
production system according to claim 4 and wherein 
said memor/ means comprises a slice memory 
having three portions which operate cyclically. 

7. Arinethodfortransferring vector information in 
60 theform of lines and pads into rasterformat . 

comprising the steps of defining a line in the form of a 
translated basi-j form in an image plane and defining a 

pad in the form of a CO I lection of basic forms. . 

8. A method according to claim 7 and also . 
65 comprisingthestepof dividing wide linesor large 



